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HISTORY OF PRESENTATION

Coronary artery spasm remains an important yet rarely recognized cause of myocardial ischemia, which may manifest as
vasospastic angina, ventricular arrhythmia, or sudden cardiac death. Here we present a case of ST-segment elevation
myocardial infarction complicated by cardiac arrest secondary to coronary artery spasm, diagnosed with invasive coronary
function testing. (J Am Coll Cardiol Case Rep 2023;28:102127) © 2023 The Authors. Published by Elsevier on behalf of
the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

PAST MEDICAL HISTORY

A 39-year-old male patient experienced chest pain
during an appointment with his family physician.
Attending paramedics witnessed the patient develop
ventricular fibrillation (VF) (Figure 1), which was
successfully treated with a 200-J shock. On arrival to
the emergency department (ED), the patient was
alert, with a blood pressure of 122/80 mm Hg and a
heart rate of 85 beats/min.

LEARNING OBJECTIVES

e To recognize that CAS is a frequently
underdiagnosed cause of angina and malig-
nant VA.

e To understand the importance of CFT for
diagnosing CAS.

e To recognize the importance of a multidis-
ciplinary approach when managing CAS-
induced VA and the potential role for primary
prevention ICD.

The patient gave a history of chronic back pain for
which he was prescribed regular pregabalin and
paracetamol. He was a nonsmoker.

DIFFERENTIAL DIAGNOSIS

Differential diagnoses included plaque erosion or
rupture, coronary embolism or thrombus, coronary
artery spasm (CAS), spontaneous coronary artery
dissection, and nonischemic mechanisms such as
stress-induced cardiomyopathy or myocarditis.

INVESTIGATIONS

Prehospital electrocardiography (ECG) demonstrated
ST-segment elevation in leads V, to Vg (Figure 2).
Emergency coronary angiography demonstrated pat-
ent coronary arteries (Videos 1 and 2). Optical coher-
ence tomography (OCT) findings were suggestive of
plaque erosion within the left anterior descending
(LAD) coronary artery, but with no evidence of
thrombus, dissection, or vasospasm (Video 3). The
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ABBREVIATIONS
AND ACRONYMS

ACh = acetylcholine

ANOCA = angina with
nonobstructed coronary
arteries

CAS = coronary artery spasm
CCB = calcium-channel blocker

CFT = coronary function
testing

CMR = cardiac magnetic
resonance

ECG = electrocardiography
ED = emergency department
GTN = glyceryl trinitrate

ICD = implantable

cardioverter-defibrillator
LAD = left anterior descending

MINOCA = myocardial
infarction with nonobstructive
coronary arteries

OCT = optical coherence
tomography

OOHCA = out-of-hospital
cardiac arrest

VA = ventricular arrhythmia

VF = ventricular fibrillation

initial troponin level was normal (<26 ng/L)
and peaked at 301 ng/L (12 hours). A trans-
thoracic echocardiogram on day 1 demon-
strated good biventricular function with no
regional wall abnormalities.

MANAGEMENT

Following admission, the patient remained
hemodynamically stable, with no further
episodes of chest pain or ventricular
arrhythmia (VA) and downward trending
troponin. On day 3, the patient was dis-
charged with a diagnosis of VF secondary to
myocardial ischemia. For further diagnostic
clarification, he underwent outpatient car-
diac magnetic resonance (CMR) 1 week
following discharge. This scan demonstrated
good biventricular function with no evidence
of myocardial infarction or fibrosis on
contrast imaging (Figure 3).

During the subsequent 36 months, the
patient continued to experience troublesome
chest tightness. Symptoms came on at rest
and during the early hours of the morning,
were not associated with clear triggers, and
were relieved by glyceryl trinitrate (GTN).

Multiple ED presentations revealed negative or
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mildly elevated troponin levels (peak 27 ng/L), and
ECG showed no ischemic changes. Computed to-
mography coronary angiography at 30 months
demonstrated patent coronary arteries and a calcium
score of 1. The patient’s working diagnosis was
changed to vasospastic angina, and treatment was
initiated with isosorbide mononitrate and diltiazem.
Notably, during a further chest pain admission to
another hospital, a secondary prevention implantable
cardioverter-defibrillator (ICD) was inserted.

Given the troublesome nature of his symptoms, the
patient was referred for invasive coronary function
testing (CFT) to identify the disease endotype and for
risk stratification. Indices of microcirculatory resis-
tance were assessed (with the Coroventis CoroFlow
System and PressureWire X, Abbott), and intra-
coronary acetylcholine (ACh) was used to detect CAS.
Results within the LAD artery demonstrated normal
coronary flow reserve (13.5; normal, =2.5) and index
of microcirculatory resistance (8; normal <25)
(Figure 4). However, following intracoronary admin-
istration of 20 ug ACh, the left-sided coronary system
demonstrated profound or occlusive vasospasm
(Video 4) associated with chest pain and ST-segment
elevation (Figure 5). Real-time intracoronary pres-
sure measurements from the pressure wire in the LAD
artery demonstrated a fall in the ratio of distal coro-
nary pressure to aortic pressure (Pd/Pa) from 0.97 to

FIGURE 1 Presenting Electrocardiographic Tracing
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FIGURE 2 Postshock 12-Lead Electrocardiogram
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0.17 (normal, =0.92), signaling the presence of
occlusive vasospasm (Figure 6), which was reversed
using intracoronary GTN (Video 5). The patient’s
medical therapy was subsequently stratified toward
treating isolated epicardial CAS with up-titration of
calcium-channel blockers (CCBs) and nitrates.

CAS remains an important yet underrecognized
pathophysiological mechanism for patients with
angina and nonobstructive coronary arteries
(ANOCA). In a meta-analysis of 6,553 patients with
ANOCA, it was estimated that the prevalence of
epicardial CAS was 40%." In the CorMicA (CORonary
MICrovascular Angina) study, 37% of patients with
ANOCA experienced CAS with intracoronary ACh
provocation.” Despite an increasing awareness of
CAS, the prevalence remains unclear because CFT is
rarely performed.

CAS is caused by transient smooth muscle hyper-
reactivity and vascular wall hypertonicity. Patho-
genesis of the condition is likely to be multifactorial,
including autonomic nervous system dysfunction,
oxidative stress, chronic inflammation, endothelial
dysfunction, and atherosclerosis.> Risk factors for
developing CAS include tobacco smoking, increased
age, elevated C-reactive protein, hypertension, dys-
lipidemia, and diabetes mellitus.>

Clinical presentation of CAS is variable but gener-
ally involves a pattern of chronic recurrent chest pain

that is nitrate responsive, occurring typically at rest
or between night and early morning. Recognized
triggers include emotional and mental stress, pre-
scription medications, recreational drugs, magne-
sium deficiency, hyperventilation, and allergy

FIGURE 3 Follow-Up Cardiac Magnetic Resonance

No evidence of late gadolinium enhancement, thus suggesting no previous myocardial
infarction or myocarditis.
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FIGURE 4 Indices of Microcirculatory Resistance With the Coroventis CoroFlow System (Abbott)
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Normal coronary flow reserve (CFR) and index of microcirculatory resistance (IMR), suggesting normal coronary microvascular function.
FFR = fractional flow reserve; Pa = aortic pressure; Pd = distal coronary pressure; RRR = resistance reserve ratio.

(ie, Kounis syndrome).* VAs, including VF, ventricu-
lar tachycardia, and sudden cardiac death (SCD), have
been reported in 5% to 15% of patients with CAS.”
Crucially, VA may be the patient’s index presenta-
tion with CAS. The mechanism for VA in CAS is not
well understood, but VA may occur secondary to
repolarization abnormalities from CAS-induced
ischemia or the formation of malignant re-entry cir-
cuits around myocardial scar from a previous CAS-
related myocardial infarction.

Diagnosing CAS is challenging because of the
heterogenous nature of the condition. Recently, the
Coronary Vasomotion Disorders International Study
Group (COVADIS) established diagnostic criteria on
the basis of 3 elements: 1) angina responsive to ni-
trates; 2) evidence of CAS on coronary angiography;
and 3) transient ischemic changes on ECG during
spontaneous episodes.’ Invasive CFT remains the
gold standard for diagnosis, with diagnostic criteria
for epicardial CAS satisfied by transient total or
subtotal coronary artery occlusion (>90% lumen
reduction) in the presence of angina and ischemic
ECG changes.® Intracoronary ergonovine and ACh
are the most commonly used provocative agents,
both of which provoke cell-mediated vasoconstric-
tion among patients with endothelial dysfunction.
COVADIS recommends CFT in patients with a high
pretest probability of CAS, myocardial infarction
with nonobstructive coronary arteries (MINOCA).
and unexplained resuscitated cardiac arrest.®

Because diagnostic certainty may influence thera-
peutic strategies and risk stratification, a multi-
modality imaging approach should be considered,
using coronary angiography, intravascular imaging,
CMR, and CFT. Notably, HARP (Heart Attack
Research Program-Imaging Study) demonstrated that
among patients with MINOCA, CMR with OCT can
help identify a diagnostic mechanism in 85% of
patients.”

Treatment goals in patients with CAS are to pre-
vent serious complications such as myocardial
infarction and VA and to improve quality of life by
reducing the frequency and severity of symptoms.
Lifestyle modification remains essential, including
smoking cessation and avoidance of possible triggers.
Pharmacologic treatment is the cornerstone for all
CAS patients, and it includes nitrates and CCBs.
Magnesium supplementation should be considered in
patients with hypomagnesemia. Of note, B-blockers
should be avoided because they exacerbate CAS by
allowing unopposed a-adrenergic activity.

CAS patients with malignant VAs are challenging to
manage and should involve a multidisciplinary team.
CCBs have been shown to prevent CAS-induced VA. In
a retrospective, multicentered study,
dihydropyridine CCBs were associated with a lower
rate of ICD shocks and helped suppress VA recur-

non-

rence.®° However, the role of ICDs in patients with
presumed CAS-induced VA remains controversial.
Chevalier et al® suggested a favorable prognosis in
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FIGURE 5 12-Lead Electrocardiogram During Coronary Function Testing
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Normal at rest; ST-segment elevation (leads V;-Ve) after intracoronary acetylcholine resulting from vasospasm-induced ischemia.

patients who were receiving appropriate medical
therapy without ICD insertion; however, Ahn et al'®
demonstrated that patients with CAS complicated by
cardiac arrest often received appropriate ICD thera-
pies (32 per 1,000 patient-years).”'° Currently, no
guidelines exist to help guide decisions regarding
primary prevention ICD in patients with CAS. The
general consensus states that ICD insertion should be
reserved for secondary prevention among patients
who survive aborted SCD or VA.

FOLLOW-UP

Following CFT, the patient reported improved quality
of life, which he attributed to receiving a definite

diagnosis from CFT and up-titration of his pharma-
cotherapy. An ICD check showed no evidence of
recurrent VA.

CONCLUSIONS

CAS remains an underrecognized cause of cardiac
chest pain that may not only lead to a significant
reduction in quality of life but may also cause SCD.
CFT with provocation testing is the gold standard
for diagnosis. Although lifestyle modification
and pharmacotherapy may be helpful in treating
CAS, ICD insertion should be considered among
patients with CAS-associated aborted sudden death
and VA.
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as in Figure 4.

Progressive decline to 0.17 indicating profound vasospasm and occlusion. LAD = left anterior descending coronary artery; other abbreviations

Dr Spiro has received honoraria from Abbott Vascular. All other au-
thors have reported that they have no relationships relevant to the

contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Primero Ng,
Department of Cardiology, Royal Perth Hospital,
Level 4, A Block, Wellington Street, Perth 6000,

Western Australia. E-mail: primero.ng@health.wa.

gov.au.

REFERENCES

1. Mileva N, Nagumo S, Mizukami T, et al. Preva-
lence of coronary microvascular disease and cor-
onary vasospasm in patients with nonobstructive
coronary artery disease: systematic review and
meta-analysis. J Am Heart Assoc. 2022;11(7):
€023207.

2. Ford TJ, Stanley B, Good R, et al. Stratified
medical therapy using invasive coronary function
testing in angina: the CorMicA trial. J Am Coll
Cardiol. 2018;72(23 Pt A):2841-2855.

3. Matta A, Bouisset F, Lhermusier T, et al. Coro-
nary artery spasm: new insights. J Interv Cardiol.
2020;2020:5894586.

4. Rehan R, Weaver J, Yong A. Coronary vaso-
spastic angina: a review of the pathogenesis,
diagnosis, and management. Life (Basel).
2022;12(8):1124.

5. Suzuki M, Nishizaki M, Arita M, et al. Increased
QT dispersion in patients with vasospastic angina.
Circulation. 1998;98(5):435-440.

6. Ong P, Camici PG, Beltrame JF, et al. Interna-
tional standardization of diagnostic criteria for
microvascular angina. Int J Cardiol. 2018;250:16-20.

7. Reynolds HR, Maehara A, Kwong RY, et al.
Coronary optical coherence tomography and car-
diac magnetic resonance imaging to determine
underlying causes of myocardial infarction with
nonobstructive coronary arteries in women. Cir-
culation. 2021;143(7):624-640.

8. Rodriguez-Mafiero M, Oloriz T, le Polain de
Waroux JB, et al. Long-term prognosis of patients
with  life-threatening arrhythmias
induced by coronary artery spasm. Europace.
2018;20(5):851-858.

ventricular

9. Chevalier P, Dacosta A, Defaye P, et al.
Arrhythmic cardiac arrest due to isolated coronary
artery
resuscitated patients.
1998;31(1):57-61.

long-term outcome of seven
J Am Coll Cardiol.

spasm:

10. Ahn JM, Lee KH, Yoo SY, et al. Prognosis of
variant angina manifesting as aborted sudden
cardiac death. J Am Coll Cardiol. 2016;68(2):137-
145.

acute coronary syndrome,
cardiac arrest, coronary artery spasm, STEMI

ﬂ For supplemental videos,
please see the online version of this paper.


mailto:primero.ng@health.wa.gov.au
mailto:primero.ng@health.wa.gov.au
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref1
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref2
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref2
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref2
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref2
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref3
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref3
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref3
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref4
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref4
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref4
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref4
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref5
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref5
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref5
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref6
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref6
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref6
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref7
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref8
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref8
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref8
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref8
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref8
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref9
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref9
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref9
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref9
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref9
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref10
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref10
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref10
http://refhub.elsevier.com/S2666-0849(23)00463-1/sref10

	A Case of Aborted Sudden Cardiac Death Due to Coronary Artery Spasm
	Past Medical History
	Differential Diagnosis
	Investigations
	Learning Objectives
	Management
	Discussion
	Follow-Up
	Conclusions
	Funding Support and Author Disclosures
	References


